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FOREWORD 

The  intent  of  this  report  is  to  assess  the  changing  applications  of 
one  of  a  group  of  materials  (together  with  supply  prospects),  in  a  manner 
to  be  of  assistance  to  a  number  of  government  agencies  concerned  with  the 
adequacy  of  materials  for  critical  military  and  civilian  requirements. 

The  focus  is  on  changing  technical  requirements.  From  the  conclusions 
reached,  actions  by  the  government  such  as  the  acquisition  or  disposal  of 
government  stockpiles  might  follow,  but  such  decisions  are  necessarily 
influenced  by  other  considerations,  such  as  the  economics  of  the  situation. 
This  report  aims  to  answer  the  questions  to  only  one  part  of  the  problem — 
prospective  changes  in  use.  Decisions  on  what  to  substitute  for  a  scarce 
material  are  based  on  factors  such  as  cost,  production  schedule,  fabri- 
cability,  and  availability  of  property  data  as  well  as  on  purely  technical 
considerations.  Therefore,  only  limited  comments  could  be  made  on  sub¬ 
stitutability. 

Beyond  the  limitation  noted  above,  a  finite  ability  to  predict  the 
future  should  be  appreciated.  A  worrysome  aspect  of  materials  manage¬ 
ment  lies  in  the  totally  unexpected  invention  which  generates  a  new  re¬ 
quirement  or  renders  an  old  one  obsolete.  Just  as  a  committee  cannot  in¬ 
vent,  neither  can  it  foresee  true  invention.  The  best  that  can  be  hoped 
for  are  extrapolations  based  on  recent  discoveries  and  on  technical  and 
commercial  trends.  This  is  what  is  contained  in  the  report  that  follows. 

For  the  sources  of  data  on  material  availability,  principal  credit 
is  due  the  Bureau  of  Mines.  These  data  have  been  augmented  by  input  from 
metal  producers  who  were  asked  to  help,  and  from  information  available 
to  the  Committee  members. 

The  report  received  the  benefit  of  review  by  the  entire  Committee, 
by  the  sources  of  input  from  industry  and  by  commodity  specialists  at  the 
Bureau  of  Mines.  Committee  members  were  asked  to  serve  as  technical  ex¬ 
perts,  and  not  as  representatives  of  their  company.  This,  together  with 
the  variety  of  inputs  and  reviews  has  made  possible  what  are  believed  to 
be  balanced  presentations . 
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ABSTRACT 

This  report  is  one  in  a  series  of  five  (the  others  being  beryllium, 
molybdenum,  platinum,  and  tantalum),  in  which  the  influence  on  applica¬ 
tions  of  changing  technology  is  explored. 

Little  concern  is  expressed  regarding  present  stockpile  specifica¬ 
tions,  but  it  is  noted  that  much  Treasury  silver  is  of  low  grade  and  un¬ 
usable  for  many  applications  without  refining.  A  possibly  inadequate 
domestic  refinery  capacity  may  limit  the  rate  at  which  this  metal  can  be 
used. 

The  future  supply  of  silver  appears  to  be  inadequate.  While  no 
significant  new  applications  are  knowij,  despite  price  increases,  consump¬ 
tion  continues  to  climb. 
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Introduction 


Silver  has  been  known  and  prized  since  prehistoric  times.  "No  one 
ever  yet  has  had  so  much  silver  as  not  to  desire  more;  and  if  people 
have  a  superabundance,  they  hoard  it  and  are  not  less  delighted  with  so 
doing  than  with  putting  it  to  use."  -  Xenephon  C.  353  BC.  It  would  ap¬ 
pear  that  this  is  no  less  so  today,  despite  the  fact  that  monetary  and 
aesthetic  uses  have  been  surpassed  by  industrial  uses.  Silver  coinage 
and  silver  tableware,  and  other  decorative  objects  of  the  metal,  are  so 
prominent  in  the  minds  and  the  eyes  of  most  lay  people  as  to  obscure 
the  overriding  importance  of  silver  as  an  industrial  commodity  of  criti¬ 
cal  technical  importance.  The  traditional  uses  have  outshone  the  tech¬ 
nical  ones,  both  literally  and  figuratively. 

Photography,  not  only  of  the  lay  kind  but  of  the  strategic  and 
industrial  kind,  is  totally  dependent  on  silver  as  the  light-sensitive 
component  of  the  film.  Practically  the  whole  flow  of  the  nation's  elec¬ 
trical  energy  is  controlled  and  switched  through  electrical  contacts 
made  of  silver.  Silver  batteries  power  our  torpedoes,  rocket  missiles, 
aircraft  end  spacecra  t,  and  silver  brazing  alloys  or  solders  join  many 
of  the  metal  parts  of  these  and  of  civilian  hard  goods  such  as  refrig¬ 
erators,  air  conditioners,  auto  parts,  and  the  like. 

The  fact  that  new  production  of  silver,  worldwide,  fails  to  cover 
current  world  industrial  consumption  has  been  widely  known  and  given 
much  publicity  of  late.  The  reality  of  the  shortage  hardly  needs 
detailed  documentation  here.  A  few  statistics  may  serve  to  refocus 
the  reader's  attention  in  that  direction. 
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From  the  1966  Minerals  Tear  Book  -  U.  S.  Bureau  of  Mines 

Millions  of  Troy  Oz. 


1961 

1962 

1963 

1964 

1965 

1966 

World  Mine  Production 

236.9 

245.5 

249.7 

246.6 

254.1 

253.0 

Free  World  Industrial 

Use  239.5 

247.8 

257.2 

290.9 

333.6 

390.2 

Free  World  Coinage 

137.1 

127.1 

167.0 

264.5 

374.7 

107.7 

U.S.  Mine  Production 

34.7 

36.8 

35.2 

36.3 

39.8 

43.7 

U.S.  Industrial  Use 

105.5 

110.4 

110.0 

123.0 

137.0 

183.7 

U.S.  Coinage 

55.9 

77.4 

111.5 

203 

320.3 

53.8 

From  the  1966 

Review  of  the 

Silver  Market 

-  Handy 

ft  Harman 

1962  1963  1964  1965  1966 


World  Production 

Ex.  Communist 

208.6 

215.4 

217.2 

223.2 

231.0 

World  Industrial  Use 

Ex.  Communist 

258.5 

260.7 

304.2 

346.6 

356.5 

Coinage 

127.4 

166.4 

267.1 

375.6 

107.4 

U.S.  Production 

36.3 

35.0 

37.0 

39.0 

42.0 

U.  S.  Industrial  Use 

110.0 

110.0 

123.0 

137.0 

150.0 

North  American  Prod. 

108.2 

107.6 

109.2 

111.2 

117.0 

North  American  Use 

118.1 

117.8 

132.1 

147.0 

160.6 

Note  the  sharp  decline  in  coinage  use  in  1966. 

"World  industrial  consumption  over  the  past  ten  years  has  increased 
at  an  average  annual  rate  of  about  6  percent.  If  we  project  this  same 
rate  of  increase  over  the  next  ten  years,  a  figure  of  about  590,000,000 
ounces  will  be  reached  by  1975.  The  recent  coinage  change  by  our  govern¬ 
ment  will  undoubtedly  be  carefully  studied  by  other  countries  still 
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using  silver  in  their  coins,  and  it  Teems  probable  that  coinage  uses  by 
these  countiies  will  decline  in  the  future.  In  1965  coinage  requirements 
outside  the  United  States  amounted  to  about  54,400,000  ounces.  For  the 
sake  of  calculation,  an  estimate  of  30,000,000  ounces  by  1975  is  perhaps 
reasonable.  On  the  basis  of  these  estimates,  total  world  consumption  for 
1975,  both  industrial  and  coinage  combined,  would  amount  of  620,000,000 
ounces.  This  does  not  include  United  States  coinage  demand,  although  the 
present  law  provides  for  a  silver  half-dollar  containing  40  percent  silver. 
It  is  assumed  either  that  Treasury  stocks  will  be  adequate  to  provide  sil¬ 
ver  for  the  half-dollar  for  the  indefinite  future,  or  that  a  non-silver 
material  will  ultimately  be  adopted. 

"New  production  over  the  past  ten  years  increased  at  an  average  rate 
of  only  about  1  percent  per  year.  However,  higher  price  levels  should 
stimulate  more  production  in  the  future."* 

Many  people  knowledgeable  about  the  production  of  silver  hesitate 
to  estimate  the  amount  of  increased  production  that  various  price  in¬ 
creases  might  bring  about.  All  are  quick  to  point  out  that  the  bulk  of 
the  world's  silver  is  produced  as  a  by-product  of  base  metal  mining  and 
smelting.  The  degree  to  which  silver  production  in  the  U.S.  is  in- 
elastically  geared  to  base  metal  production  may  be  seen  in  Table  1. 

2 

J.  Kalliokoski  and  R.  A.  Whitaker  point  out  that  roughly  25  percent 
of  the  free-world  supply  of  silver  comes  from  ores  in  which  silver  ac^ 
counts  for  more  than  half  the  value.  Detailed  documentation  of  this 
information  is  in  the  Committee's  hands;  it  has  been  summarized  in  the 
table  on  page  4. 

J.  Convey  and  N.  S.  Spence  of  the  Department  of  Energy,  Mines  and 
Resources,  of  Canada,  join  Kalliokoski  and  others  in  the  opinion  that 
increased  prices  for  silver  will  fail  to  stimulate  increased  silver  pro¬ 
duction  in  proportions  anything  like  that  of  the  price  increases. 

"If  we  assume  for  the  purpose  of  this  discussion  that  new  production 
will  increase  at  the  rate  of  3  percent  a  year  over  the  next  ten  years, 


TA3LE  1.  UNITED  STATES  MINE  PRODUCTION  OF  SILVER,  ACCORDING  TO  RECOVERABLE  VALUE  OF  ORE* 

(Excludes  Mines  with  Annual  Production  Below  100,000  Oz) 
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Free  World 

Production  by  Classes 

of  Ore 

Ag 

Million  Oz. 

7.  of 

Tabulation 

Copper  Ores 

18.814 

10.82 

Copper-Zinc  Ores 

3.641 

2.09 

Copper-Lead  Zinc  Ores 

30.109 

17.32 

Gold  Ores 

5.119 

2.94 

Copper-Nickel  Ores 

1.818 

1.05 

Lead-Zinc  Ores 

62.617 

36.02 

Tin  Ores 

4.5 

2.59 

Silver  Ores 

47.238 

27.17 

TOTAL  199.395 


then  our  estimate  of  world  production  of  silver  by  1975  will  amount  to 
approximately  300,000,000  ounces.  This  would  leave  a  deficit  of 
320,000,000  ounces  between  total  demand  and  new  production  by  1975.  If 
we  accept  this  as  a  reasonable  estimate  of  the  scope  of  the  supply  prob¬ 
lem  in  the  years  ahead,  future  price  levels  will  be  determined  by  the 
extent  to  which  the  growing  annual  deficit  can  be  filled  from  secondary 
sources."'*' 

Increased  prices  are  most  likely  to  cause  these  effects  in  the  order 
listed: 

1.  Bring  out  offerings  from  existing  hoards. 

2.  Restrict  usage  to  the  availability  supply  (current 
production  plus  hoard  offers). 

3.  Increased  new  production  (amount  debatable) . 

The  figures  for  industrial  usage  or  consumption  are  net  after  deduct¬ 
ing  current  scrap  recoveries.  Thus  silver  shipments  to  tableware  pro¬ 
ducers  exceed  their  net  consumption  by  the  amount  of  process  scrap  they 
return  for  remelting.  However,  old  silverware  that  is  gathered  from  users 
for  melting  is  termed  "salvage"  or  secondary  silver  and  constitutes  a 
source  that  helps  make  up  the  deficit  between  net  consumption  as  just 
defined  and  newly  mined  production.  The  same  rationale  is  applied  to 
the  other  categories  of  use.  Often,  whether  a  particular  lot  of  returned 
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silver  is  counted  as  salvage  or  as  recycled  scrap  is  an  arbitrary  matter, 
sometimes  depending  on  whether  the  particular  processor  happens  to  be  a 
salvager  or  a  manufacturer.  All  of  the  data  are,  therefore,  somewhat 
ambiguous . 

Industrial  usage  has  exceeded  new  production  only  since  about  1958. 
Before  that  time,  ever  since  industrial  consumption  was  first  reckoned 
with,  the  reverse  had  been  the  case.  For  years  the  unused  silver  went  into 
monetary  stocks  or  coins  and  into  private  hoards.  Relatively  little  of 
the  world's  silver  has  ever  been  really  lost;  however,  the  rate  of  loss 
today  is  probably  higher  than  heretofore.  It  is  these  hoards  and  monetary 
stocks  that  will  be  looked  to  in  order  to  compensate  for  much  of  the  defi¬ 
cit  between  new  production  and  use.  There  are  some  1,900,000,000  ounces 
in  the  U.S.  subsidiary  coin  and  370,000,000  ounces  in  silver  dollars  out¬ 
standing  and  there  were  592  million  ounces  of  silver  in  the  Treasury,  in¬ 
cluding  437  million  ounces  backing  silver  certificates,  as  of  December  31, 
1966.  Besides  the  U.S.  sources  of  secondary  silver,  there  are  other 
nations'  coinages  yet  to  be  demonetized.  Canada  has  just  announced  the 
change  of  10c,  25c,  and  50c  coins  from  80  percent  silver  to  pure  nickel. 
Recent  usage  of  silver  in  these  coins  has  been  about  20  million  ounces 
per  year.  The  total  silver  in  circulation  in  Canadian  coins  is  about 
150  million  ounces. 


Consumption  by  Application 

The  principal  uses  of  silber  in 

the  U.S.  are: 

(a) 

(b) 

Category 

Percent 
of  Total 

Photography 

32 

26 

Electrical  and  Electronic 

(including  batteries) 

31 

25 

Silverware  and  Jewelry 

17 

30 

Brazing  Alloys  and  Solders 

13 

10 

All  Other 

7 

9 

100 

100 

(a)  Ratios  derived  from  information  submitted  to  the  House  Subcommittee  on 
Mines  &  Mining,  June  6,  1965,  by  the  U.S.  Department  of  Commerce. 

(b)  U.S.  Bureau  of  Mines,  November  1967. 
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A.  Photography 

This  principal  consumer  of  silver  is,  as  far  as  is  known,  with¬ 
out  anything  approaching  a  satisfactory  substitute.  It  is  true  that  cer¬ 
tain  copying  processes,  such  as  Xerography,  Thermofax,  etc.,  do  not  use 
silver,  but  their  potential  to  save  large  amounts  of  silver  seems  limited. 
It  is  known  that  intensive  work  on  silver  substitution  is  being  done.  Most 
of  the  present  candidates  are  too  slow  for  ordinary  photography.  One  au¬ 
thority  said:  "We've  got  two  or  three  lines  of  investigation  that  look 
promising  and  in  the  course  of  time  we'll  expect  that  some  photographic 
uses  will  be  supplied  with  materials  other  than  silver."  Another  authority 
within  the  same  organization  was  queried  directly  and  replied  that  if  sil¬ 
ver  became  scarce:  "It  seems  likely  that  there  would  be  a  corresponding 
reduction  in  our  output  of  photosensitive  materials  with  production  con¬ 
centrated  in  those  items  of  greatest  importance  at  the  time  of  the  emer¬ 
gency."  The  preeminence  of  silver  salts  as  photographic  receptors  is  not 
the  result  of  any  unusual  primary  sensitivity  to  illumination,  but  is  due 
to  the  fact  that  they  undergo  an  unusual  secondary  amplification  process 
called  development  which  may  multiply  by  about  10  the  effect  produced 
by  the  original  light  exposure. 

The  copying  processes  just  mentioned  do  not  rely  on  this  kind 
of  chemical  amplification;  the  bulk  of  the  work  is  done  by  a  rather  dras¬ 
tic  primary  exposure.  Nor  do  these  processes  match  the  photographic 
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capability  of  storing  about  10  bits  of  information  per  square  centimeter. 

A  more  immediately  fruitful  effort  than  trying  to  find  a  silver 
substitute  might  be  to  extend  the  use  of  known  and  practical  means  of  re¬ 
covering  photographic  silver.  Much  of  the  silver  in  black  and  white  film 
and  most  of  the  silver  from  colored  pictures  turns  up  in  the  hypo  solution 
after  development.  Recoveries  from  this  source,  and  from  the  burning  of 
photographic  film  and  from  the  processing  of  emulsions  stripped  from  film 
now  yields  in  the  order  of  several  million  ounces  of  silver  per  year. 

Some  of  this  is  deducted  in  determining  net  photographic  usage,  and  some 
appears  as  salvage  or  secondary  silver  in  the  statistics.  As  silver  prices 
rise,  there  will  be  an  economic  stimulus  to  extend  this  activity. 
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Silver  nitrate  is  the  starting  chemical  compound  for  photographic 
preparations  and  there  is  no  present  difficulty  in  obtaining  silver  of 
suitable  purity  for  the  photographic  grade  of  silver  nitrate.  At  one  time, 
a  specially  refined  grade  of  bullion,  low  in  bismuth  and  a  few  other 
heavy  elements--the  so-called  "Nitrate  Grade"--was  in  regular  use  at  a 
small  price  premium.  This  is  no  longer  the  case  since  silver  nitrate 
producers  have  learned  to  remove  these  objectionable  impurities  by  proc¬ 
esses  involving  photo  reduction,  precipitation  and  absorption.  However, 
any  gross  amount  of  impurity  in  the  silver  supply  would  impose  added  costs 
and  inconvenience  upon  the  nitrate  producer.  Thus,  if  coins  were  to  be 
used  in  the  production  of  nitrate,  without  intermediate  refining,  the  10 
percent  copper  content  would  not  be  welcome,  but  probably  could  be  coped 
with. 

B.  Electrical 

The  next,  and  almost  as  important  user  of  silver,  is  the  elec¬ 
trical  industry  including  batteries.  Batteries  should  be  considered  apart 
from  other  electrical  uses  as  they  share  no  common  technology;  they  will 
be  discussed  separately. 

Silver  and  silver  alloys  are  almost  universally  used  for  the 
contact  surfaces  that  make  and  break  intermediate  and  heavy  electric  cur¬ 
rents.  Generally,  a  silver  button  or  a  silver  rivet  is  attached  to  a 
copper  or  other  base  metal  switch  arm  or  conductor.  The  use  of  silver 
is  preeminent  because  of  its  corrosion  resistance  in  combination  with  high 
electrical  conductivity.  The  conductivity  is  the  highest  known,  some  2 
to  6  percent  better  than  the  copper  standard,  depending  on  the  purity, 
temper,  etc.,  of  the  silver.  The  importance  of  this  marginal  superiority 
is  often  exaggerated;  the  crucial  characteristic  is  the  ability  to  resist 
oxidation,  even  at  elevated  temperatures.  The  conductivity  of  copper, 
for  instance,  is  adequate,  but  were  it  used  instead  of  silver,  switch  life 
and  reliability,  i.e.,  surety  of  making  a  contact,  would  take  a  drastic 
drop  as  the  copper  surface  oxidized.  An  oxidized  contact  interface  in¬ 
creases  resistance  which  increases  heating  which  accelerates  oxidation, 
and  so  on  to  destruction. 
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If  a  real  pinch  on  silver  occurred,  some  use  of  silver  in  very 

‘Jc 

light  current  contacts,  and  in  "dry"  circuits,  that  should  be  of  noble 
metal  (gold,  platinum,  palladium,  or  rhodium)  or  of  thin  coatings  of  these 
metals,  could  be  eliminated  by  directive.  The  use  is  not  believed  to  be 
substantial.  Some  silver  contacts  could  be  designed  with  copper,  tungsten, 
molybdenum,  or  carbon,  taking  such  necessary  steps  as  increasing  the  size 
and  adding  a  heat  sink  or  by  provision  for  cooling,  increasing  contact 
force  and  providing  wiping  action  to  abrade  away  oxide  films.  These  al¬ 
ternate  procedures  and  materials  are  usually  costly  and  less  satisfactory 
in  performance. 

A  more  practical  approach  is  to  extend  the  use  of  bimetals,  i.e., 
base  metal--noble  metal  composites,  reserving  the  use  of  silver  only  for 
those  places  where  it  is  functionally  required.  A  substantial  amount  of 
this  is  done  now,  and  economics  dictate  the  extent  of  the  use.  A  working 
surface  of  sufficient  depth  to  outlast  the  anticipated  wear  and  arc  ero¬ 
sion  is  all  that  is  needed.  A  high  copper  base  substrate  could  replace 
more  silver  whenever  either  price  or  availability  so  dictates.  In  normal 
times  the  cost  of  the  silver  saved  must  be  more  than  the  extra  cost  of 
making  the  bimetal. 

Two  large  representative  manufacturers  of  electrical  contacts 
were  queried  directly  about  what  would  be  the  consequences  of  a  severe 
curtailment  of  silver  over  a  three-year  priod.  One  estimated  that  up  to 
15  percent,  and  the  other  up  to  25  percent  of  silver  usage  could  be  saved 
by  redesign  without  serious  consequences  to  the  quality  of  the  devices. 
However,  this  would  be  accomplished  only  with  a  very  large  expenditure  of 
engineering  effort.  A  50  percent  curtailment  would  have  a  severe  impact 
on  the  industry,  requiring  extensive  redesign,  de-rating,  and  probably 
curtailment  of  the  output  of  new  devices.  For  most  devices,  there  appears 

A  "dry"  circuit  is  one  carrying  a  very  low  voltage  micro -current,  fre¬ 
quently  idle  for  long  periods,  hence  particularly  susceptible  to  failure 
by  tarnish  films  on  the  contacts. 
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to  be  no  good  substitute  for  silver,  and  economic  pressures  have  already 
brought  about  its  frugal  use  and  conservation.  A  ninety  percent  reduction 
would  be  unmanageable. 

Salvage  of  electrical  contacts,  once  they  are  installed  in  elec¬ 
trical  equipment,  is  a  fairly  long  cycle  proposition.  Where  the  scrap  goes 
to  the  copper  smelters,  silver  salvage  follows.  If  it  goes  into  steel, 
the  silver  will  be  lost  (as  will  the  tramp  copper). 

Current  quality  of  newly  refined  silver  is  adequate  for  the 
electrical  contact  business.  Some  coin  silver  could  be  used  directly, 
but  most  would  have  to  be  refined.  Some  of  the  Treasury  stocks  have  a 
lead  content  that  is  objectionable. 

The  miscellaneous  electrical,  electronic,  or  noncontact  uses  are 
so  diverse  as  to  make  much  generalization  impossible.  Many  of  these  uses 
require  a  grade  of  silver  more  pure  than  standard  commercial  grades.  Few 
of  -  them  could  be  substituted  by  a  base  metal,  and  gold  or  platinum  group 
substitutes  might  not  be  as  available  as  silver,  even  if  they  would  work 
as  well  which,  in  many  cases,  they  would  not. 

Solid  state  switching  with  controlled  silicon  rectifiers  or 
power  transistors  eventually  will  replace  many  silver  contacts;  their  ef¬ 
fect  is  already  being  felt  and  could  be  accelerated  if  need  be.  Their 
construction  usually  requires  gold  for  attachment.  However,  the  use  of 
silver  contacts  has  grown  in  the  face  of  increasing  acceptance  of  solid 
state  devices.  The  five-year  estimated  growth  rate  is  about  4.7  percent 
per  year. 

C.  Electric  Batteries 

The  conductivity  and  corrosion  resistance  of  silver  and  the 
negative  heat  of  formation  of  silver  oxide  make  silver  and  its  oxide  ideal 
cathodes  and  cathode  depolarizers  respectively.  The  result  is  a  larger 
energy  storage  capacity  per  unit  weight  or  per  unit  volume  than  any  other 
present  practical  system. 
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(a) 

COMPARISON  OF  SECONDARY  BATTERY  SYSTEMS v  1 


Watt-Hours 
per  pound 

Watt -Hours 
per  cu.  in. 

Maximum 

Life 

(years) 

Cost 

(arbitrary 

units) 

Lead  Acid 
(industrial  type) 

10.0 

1.2 

7.0 

1.0 

Nickel-iron 

11.0 

0.7 

11.0 

1.7 

Nickel -cadmium 

14.0 

1.3 

10.0 

3.0 

Silver-zinc 

40.0 

3.2 

1.5 

5.0 

Silver-cadmium 

27.0 

2.3 

2.5 

5.5 

v  'Values  must  be  considered  approximations,  because  precise  values 
depend  on  battery  design  and  usage. 

The  short  life  and  the  cost  preclude  the  use  of  silver  in  most 
applications  except  military  and  aerospace.  About  90  percent  of  the  sil¬ 
ver  battery  output  is  bought  by  the  military.  It  is  assumed  that  no  re¬ 
strictions  would  be  put  on  this  use  and  that  silver  use  would  be  restricted 
elsewhere  to  make  the  metal  available  for  batteries. 

Present  newly  refined  silver  is  satisfactory.  Coinage  would  re¬ 
quire  prerefining  as  would  some  old  Treasury  silver  with  high  lead.  The 
salvage  of  silver  from  the  battery  industry  is  high,  but  would  deteriorate 
in  a  war  situation. 

Public  information  is  inadequate  to  estimate  changes  in  silver 
consumption  in  batteries.  It  was  estimated  to  be  10,000,000  ounces  in 
1965. 

D.  Silverware  and  Jewelry 

Much  of  the  functional  and  aesthetic  value  of  solid  or  sterling 
silver  could  be  achieved  with  silver  electroplate  or  bimetal  like  Sheffield 
plate.  However,  there  is  a  "status"  attached  to  sterling  that  would  stand 
in  the  way  of  the  willing  acceptance  of  plate  at  this  time. 

It  must  be  assumed  that  as  a  practical  matter,  the  people  could 
be  fed  from  stainless  steel  tableware,  and  that  if  need  be,  much  of  that 
silver  could  be  made  available  for  nonsubstitutable  uses.  However,  many 
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people  make  their  living  in  this  field  and  the  dislocations  could  be 
serious  if  a  suitable  alternate  material  were  not  available. 

Much  silverware  production  could  use  coin  for  direct  melting 
provided  that  enough  fine  silver  could  be  added  to  raise  the  silver  content 
from  90.0  to  92.5  percent;  and  also  provided  that  the  coins  are  well  enough 
sorted  to  keep  out  any  sensible  amount  of  the  new  cupro  nickel  clad  coins. 
Some  Treasury  stocks  have  objectionable  lead  content  for  this  use.  Silver¬ 
ware  production  is  likely  to  follow  disposable  income.  The  five-year 
estimated  growth  rate  of  A. 2  percent  per  year. 

E.  Brazing  Alloys 

Some  silver  could  be  saved  out  of  current  bracing  alloy  usage. 

Some  alloys  of  high  silver  content,  established  long  ago,  continue  to  be 
used  -  unnecessarily  -  mostly  because  of  inertia.  They  work,  and  the  cost 
of  establishing  the  reliability  of  a  new  alloy  outweighs  prospective  saving 
from  a  lower  silver  alternative.  To  fully  realize  this  saving  would 
probably  require  some  fiats  by  a  regulating  authority. 

If  too  much  silver  is  squeezed  out  of  brazing  alloys,  the 
consequences  are  higher  working  temperatures,  increased  processing  costs 
for  many  classes  of  hard  goods,  and  spoiled  work.  About  10  to  15  percent 
of  silver  use  could  be  saved  if  users  would  accept  the  resulting  higher 
working  temperatures  and  the  collateral  higher  costs.  Higher  prices  will 
tend  to  bring  this  about.  However,  in  an  emergency  much  brazing  alloy  is 
used  by  the  military  and  leading  consumer  uses  are  severely  curtailed, 
i.e.,  refrigerators,  air  conditioning,  and  other  consumer  durables. 

Coin  can  be  melted  directly  into  most  brazing  alloys.  The  lead 
content  in  some  Treasury  stock  i3  objectionable. 

The  estimated  growth  rate  is  about  5.5  percent  per  year. 

F.  All  Other 

The  relatively  small  usage  and  the  wide  variety  would  not  justify 
study  at  this  time.  There  is  no  emerging,  large,  new  use  for  silver  now 
in  sight  which  is  likely  to  upset  the  forecasts  made  above.  Nuclear  reactor 
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control  rods  of  silver  indium  cadmium  alloy  (80%  Ag)  are  of  some  growing 
importance,  but  there  are  other  neutron  absorbers  available.  The  use  is 
in  the  order  of  hundreds  of  thousands  of  ounces. 

II.  Secondary  Metal  and  Domestic  Refining  Capacity 

Let  us  now  imagine  that  this  year  all  foreign  sources  of  silver  are 
cut  off,  that  Treasury  stocks  have  been  previously  dissipated  and  that  the 
deficit  is  to  be  filled  first  by  melting  silver  coinage  and  secondly  by 
dipping  into  an  as  yet  undefined  stockpile  possibly  derived  from  Treasury 
stock.  Silver  coinage  could  be  used  without  refining  for  about  50  percent 
of  the  requirement  for  silverware,  and  perhaps  90  percent  of  the  require¬ 
ment  for  brazing  alloys.  We  have  estimated  the  usage  of  direct  melted 
coin  below  the  maximum  possible  for  sterling  so  as  to  allow  some  pure  sil¬ 
ver  for  electroplate.  Perhaps  10  percent  of  electrical  contacts  could  be 
made  direct  from  coin.  Thus  direct  melted  coinage  would  furnish  about 
30  million  fine  ounces.  Newly  mined  and  refined  silver  would  provide 
about  40  million  ounces.  This  makes  70  million  ounces  leaving  about  70 
million  ounces  to  be  derived  from  the  refining  of  coins  and  other  secondary 
sources  and  the  stockpile.  How  much  secondary  refining  capacity  is  avail¬ 
able?  This  is  not  a  rhetorical  question.  Refinery  capacity  should  be 
ascertained  as  it  would  be  pertinent  to  the  determination  of  both  the  size 
and  the  makeup  of  the  stockpile. 

The  amount  of  high-lead  silver  stocks  left  in  the  Treasury  is  not 
known  to  the  Committee.  Much  of  this  should  be  avoided  in  the  stockpile. 

It  is  axiomatic  that  the  higher  the  purity  of  the  stockpile,  the  more 
versatile  its  uses  can  be. 

Much  of  »;he  curren  supply  of  electrolytically  refined  silver  is  of 
very  high  p^  ity  as  it  comes  from  the  cell.  The  Treasury  might  well  con¬ 
sider  getting  rid  of  its  high-lead  stocks  and  exchanging  some  of  its 
standard  fineness  stocks  for  higher  fineness  grades  that  are  more  widely 
usable. 

Adequate  ASTM  specifications  are  either  available  or  under  preparation 
to  cover  both  standard  and  high  fineness  grades.  It  is  suggested  that 
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appropriate  government  agencies  should  inquire  about  the  availability  of 
secondary  refining  capacity,  the  extent  of  high  lead  content  Treasury 
stocks,  and  the  amount,  if  any,  of  high  fineness  bullion  on  hand. 

III.  Substitutes 

Substitutes  as  particularly  related  to  each  product  have  been  dis¬ 
cussed  above.  Apart  from  the  aesthetic  uses  such  as  tableware  and  jewelry 
which  could  be  functionally  replaced  by  stainless  steel  (if  available) 
there  are  no  good  substitutes  for  silver  for  any  of  the  technical  industrial 
applications.  In  the  face  of  a  severe  silver  shortage,  photographic  film 
production  would  simply  be  curtailed  to  fit  the  supply.  Electrical  con¬ 
tacts  might  do  with  75  percent  to  85  percent  of  the  normal  requirement, 
after  which  production  would  be  curtailed.  Brazing  alloys  might  have  10 
percent  of  the  silver  content  squeezed  out  before  production  would  have  to 
be  cut.  Altogether  about  25  or  30  percent  of  the'  total  use  might  be 
substituted  (depending  somewhat  on  whose  figures  are  preferrad  on  page  6) 
at  the  very  outside. 

IV.  Conclusion 

Silver  is  of  critical  importance  to  our  industrial  well-being  in  both 
war  and  peace.  Its  current  new  production  is  far  short  of  industrial  usage, 
U.S.  and  worldwide,  but  less  imbalanced  on  an  all-North  American  basis. 

There  is  sufficient  silver  above  ground  in  the  U.S.  in  monetary  and  private 
hoards  to  take  care  of  at  least  14  years  industrial  use  at  the  1966  rate. 
There  are,  then,  two  problems:  What  to  do  about  silver  20  or  so  years 
hence,  which  is  not  within  the  scope  of  this  report;  and  what  to  do  about 
silver  in  an  early  emergency.  There  are  adequate  statistical  information 
and  specifications  to  enable  a  good  judgment  to  be  made  on  the  size  and 
quality  of  a  stockpile  excepting  for  one  aspect;  we  do  not  know  that  re¬ 
fining  capacity  could  be  devoted  to  the  refining  of  coins,  high-lead 
Treasury  stocks,  and  other  substandard  grades  of  silver  that  will  be  drawn 
from  hoards  in  both  normal  and  emergency  times. 
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THE  NATIONAL  ACADEMY  OF  SCIENCES  is  a  private,  honorary  organization  of 
more  than  700  scientists  and  engineers  elected  on  the  basis  of  outstanding  contributions 
to  knowledge.  Established  by  a  Congressional  Act  of  Incorporation  signed  by  Abraham 
Lincoln  on  March  3,  1863,  and  supported  by  private  and  public  funds,  the  Academy 
works  to  further  science  and  its  use  for  the  general  welfare  by  bringing  together  the 
most  qualified  individuals  to  deal  with  scientific  and  technological  problems  of  broad 
significance. 

Under  the  terms  of  its  Congressional  charter,  the  Academy  is  also  called  upon  to 
act  as  official — yet  independent — advisor  to  the  Federal  Government  in  any  matter  of 
science  and  technology.  This  provision  accounts  for  the  close  ties  that  have  always 
existed  between  the  Academy  and  the  Government,  although  the  Academy  is  not  a 
governmental  agency  and  its  activities  are  not  limited  to  those  on  behalf  of  the 
Government. 

THE  NATIONAL  ACADEMY  OF  ENGINEERING  was  established  on  December  5, 
1964.  On  that  date  the  Council  of  the  National  Academy  of  Sciences,  under  the 
authority  of  its  Act  of  Incorporation,  adopted  Articles  of  Organization  bringing  the 
National  Academy  of  Engineering  into  being,  independent  and  autonomous  in  its 
organization  and  the  election  of  its  members,  and  closely  coordinated  with  the  National 
Academy  of  Sciences  in  its  advisory  activities.  The  two  Academies  join  in  the  further¬ 
ance  of  science  and  engineering  and  share  the  responsibility  of  advising  the  Federal 
Government,  upon  request,  on  any  subject  of  science  or  technology. 

THE  NATIONAL  RESEARCH  COUNCIL  was  organized  as  an  agency  of  the  National 
Academy  of  Sciences  in  1916,  at  the  request  of  President  Wilson,  to  enable  the  broad 
community  of  U.  S.  scientists  and  engineers  to  associate  their  efforts  with  the  limited 
membership  of  the  Academy  in  service  to  science  and  the  nation.  Its  members,  who 
receive  their  appointments  from  the  President  of  the  National  Academy  of  Sciences, 
are  drawn  from  academic,  industrial,  and  government  organizations  throughout  the 
country.  The  National  Research  Council  serves  both  Academies  in  the  discharge  of 
their  responsibilities. 

Supported  by  private  and  public  contributions,  grants,  and  contracts,  and  voluntary 
contributions  of  time  and  effort  by  several  thousand  of  the  nation’s  leading  scientists 
and  engineers,  the  Academies  and  their  Research  Council  thus  work  to  serve  the 
national  interest,  to  foster  the  sound  development  of  science  and  engineering,  and  to 
promote  their  effective  application  for  the  benefit  of  society. 

THE  DIVISION  OF  ENGINEERING  is  one  of  the  eight  major  Divisions  into  which 
the  National  Research  Council  is  organized  for  the  conduct  of  its  work.  Its  membership 
includes  representatives  of  the  nation’s  leading  technical  societies  as  well  as  a  number 
of  members-at-large.  Its  Chairman  is  appointed  by  the  Council  of  the  Academy  of 
Sciences  upon  nomination  by  the  Council  of  the  Academy  of  Engineering. 

THE  MATERIALS  ADVISORY  BOARD  is  a  unit  of  the  Division  of  Engineering  of 
the  National  Research  Council.  It  was  organized  in  1951  under  the  name  of  the 
Metallurgical  Advisory  Board  to  provide  to  the  National  Academy  of  Sciences  advisory 
services  and  studies  in  the  broad  field  of  metallurgical  science  and  technology.  Since 
the  organization  date,  the  scope  has  heen  expanded  to  include  organic  and  inorganic 
nonmetallic  materials,  and  the  name  has  been  changed  to  the  Materials  Advisory  Board. 
The  Board  conducts  studies,  surveys,  makes  critical  analyses,  and  prepares  and  fur¬ 
nishes  to  the  sponsors  advisory  and  technical  reports,  with  respect  to  the  entire  field 
of  material  research,  including  the  planning  phases  thereof. 
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